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Input -IBNF
To estimate the input via biological nitrogen fixation (BNF) in agricultural land (arable land and managed grassland), we divide all crop land and grassland into four groups:
1. N fixing crops -crop legumes; 2. Non-N fixing crops -arable land crops (e.g., cereals, vegetables etc., except sugar cane and rice, paddy); 3. Managed permanent grassland; 4. Forage, silage and fodder (forage/fodder legumes, i.e., clover, alfalfa and other forages and fodder crop).
The first group includes beans, groundnuts, pulses, and soybeans. For this group, we used a crop based approach. We assumed that the amount of N in harvested plant has a fixed amount derived from N fixation, as follows: N fixed = %Ndfa *(Nutrients in crops + crop residues)*BGN, Where %Ndfa is the percentage of plant N derived from N2 fixation (Herridge et al. 2008) . BGN is a multiplicative factor (of N fixed in shoot) to take into account of the belowground N fixation, i.e., by roots, nodules and rhizodeposition (Anglade et al. 2015) . BGN was set at 1.3 and 1.7 for grain and forage legumes, respectively (Anglade et al. 2015) .
For the other three groups, we used a crop area based approach. Here, the crop area is harvested area of crops in FAOSTAT (data from FAO-Production-Crops-Harvested) N fixed = N fixation rate* Harvested Crop area*BGN.
For non-N fixing crops and managed permanent grassland, an additional constant N fixation rate per hectare is included, respectively 2 kg N ha -1 and 5 kg N ha -1 (Velthof, Oudendag et al. 2009 as azolla-cyanobacteria fixed N (Herridge, Peoples et al. 2008) . A summary overview is presented in in Table S5 .
According to Schlesinger and Bernhardt (2013) , the total N fixation in natural and agricultural ecosystems is around 120-180 Tg, and in agricultural ecosystems alone 50-70 Tg. We estimated for S4 2010 that the agricultural BNF value was 71 Tg (Table S6) , which is close to the value reported by Schlesinger and Bernhardt (2013) .
Input -IN.deposition
Net deposition is lightning fixed nitrogen here. It was estimated per continent (Tg N yr -1
) on the basis of the value given in Galloway et al. (2014) (Table S7 ). The continent level values were downscaled to country level, as follows:
Lightning fixed-Ncountry = Agricultural-areacountry / AreaContinent * Lightning fixed-Ncontinent Continent and country areas were derived from FAO-Inputs-Land-country area. We neglected the N deposition of oxidized N from fossil fuel combustion, because of lack of data for many countries. This neglect will lead to underestimation of the N input via atmospheric deposition, especially for industrialized countries with little use of NOX removal technologies. We neglected also the N input of reduced N, because we assumed that more than 90% of reduced N is derived from agricultural sources (animal manures, N fertilizers, crops and crop residues).
Input and Output -Iimport and OExport
The plant and animal food and feed import and export data were derived from FAOSTAT -Food
Balance -Commodity balances -Crops Primary Equivalent / Livestock and Fish Primary Equivalent.
Contents of N and P in plant and animal products were derived from literatures (Table S2 ). Our list includes 84 plant products and 27 animal products.
Livestock density distribution
Changes in livestock density in the selected 151 countries over time were analysed through frequency distributions. A histogram is a graphical representation of the distribution of numerical data;
it is the simplest non-parametric estimate of the probability distribution of a continuous variable.
However, it requires to "bin" the density values first, i.e. to divide the densities values into a series of equal intervals, and then count the numbers of values in each interval. The bins (intervals) are adjacent and usually specified as consecutive, non-overlapping intervals of a variable. Although a histogram is very useful for examining the livestock density distributions, the problems with histogram are that the shape strongly depends on the width of the bins and the end points of the bins. Moreover, changes over time in distributions cannot be shown effectively in one figure. These problems can be overcome (partially) by using kernel density estimation.
A kernel is a special type of probability density function and is a way of averaging and smoothing the histogram. The density function encloses now an area of 1, and therefore it is needed to rescale the histogram so that the total area under the smoothed line (the area within the bins) equals one (Tukey 1977) . In this paper, we use the most commonly used -Gaussian kernel.
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Kernel density estimation is also not perfect, as the bandwidth selection will also influence the result. A large bandwidth results in a large standard deviation, and the kernel spreads more of the probability from the data to its neighbouring values, so the density curve is smoother but the details will be hidden. To avoid negative data, we adjusted negative values by edge-weighting of spatial statistics. That is, we truncated the density on the left at zero and up-weighted the data that are closest to zero. The idea is that each value x is "spread" into a kernel of unit total area centred at x; any part of the kernel that would spill over into negative territory is removed and the kernel is renormalized to unit area. (Ma, Ma et al. 2010 ).
8. (Velthof, Oudendag et al. 2009 ).
9. (FAO 2011) 10. Cakes are supposed to have 30% higher N&P concentrations than the corresponding products.
Literatures sources for animal products:
1. http://www.fao.org/docrep/010/ai407e/AI407E03.htm S12 2. http://nutritiondata.self.com/facts/dairy-and-egg-products/133/2 3. (Ma, Ma et al. 2010) . 
